Introduction
Variation in piglet weights within a group at weaning can impact the productivity of commercial pig production systems, particularly those implementing all-in all-out animal management. Weaning weight has been shown to be closely related both to birth weight (Wolter and Ellis, 2001 ) and the amount of sow's milk consumed by the piglet during lactation (Lewis et al., 1978) . Providing piglets with supplementary liquid milk replacer during lactation can increase weaning weights (Azain et al., 1996; King et al., 1998) . However, the impact of increasing the weaning weight of pigs using supplemental liquid milk replacer on subsequent performance to slaughter weight has not been established. Therefore, the objective of the current study was to evaluate the effect of weaning weight as affected by birth weight and feeding a supplemental liquid milk replacer diet during lactation on pig performance from weaning to slaughter weight.
Materials and Methods
Two treatments were compared: 1) Piglet birth weight (Light vs. Heavy) and 2) Supplemental liquid milk replacer (Supplemented vs. Unsupplemented). The research was carried out at the Swine Research Center of the University of Illinois.
A total of 384 crossbred pigs from a total of 32 hybrid sows (Camborough 22, Pig Improvement Company, Franklin, KY) and sired by Line 337 boars (Pig Improvement Company) that farrowed over a three week period during the summer season were used in the experiment. Four sows of similar parity that farrowed within a 24-hour period were randomly assigned to one of the four treatment combinations. Within 24 hours of birth, piglets were weighed, and assigned to either a Heavy (mean = 1.8; SD = 0.09 kg) or Light (mean = 1.3; SD = 0.07 kg) weight group. From within weight group, pigs were allocated to litters of 12 piglets, two on the Light and two on the Heavy treatment, with similar variation in piglet weights within a litter. Additional piglets needed to complete the allocation were chosen at random from litters of sows that were not used in the study that farrowed within the same 24-hour period.
The farrowing crates were equipped with a trough feeder and a nipple water drinker for the sow and an additional nipple water drinker for the piglets. Air temperature was maintained using thermostatically controlled fan ventilation. During week 1 post-farrowing, supplementary heat was provided to the piglets using heat lamps.
From immediately post-farrowing, sows were fed twice daily to appetite a corn-soybean meal based lactation diet (formulated to contain 16.7% CP, 0.95% lysine, and 3426 kcal/kg ME). Starting on day 3 post-farrowing, piglets on the Supplemented treatment were offered liquid milk replacer ad libitum from plastic milk feeders. Liquid milk replacer was prepared by hand mixing a commercial milk powder (formulated to contain 28% CP, 2.30% lysine, Ca = 0.70, P = 0.80, and 3,722 Kcal/kg ME; manufactured by Land O'Lakes, Inc., Webster City, IA) with warm water (30 o C) in a ratio of 1:10 (wt:wt).
At weaning, pigs (308 pigs) were moved to a standard nursery and randomly allocated from within previous treatment and sex subclasses to pens of four pigs. Pigs were moved to a growfinish facility when the mean pen weight reached 25 (SD = 1.2) kg live weight. Pigs were given ad libitum access to feed; a multiple-phase dietary regimen was from weaning to the end of the experiment. Diets were formulated to meet or exceed NRC (1998) nutrient requirements, and are presented in Table 1 .
Data were analyzed as a randomized complete block design using the PROC GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The sow and/or nursing litter was considered the experimental unit for parameters measured during the lactation period of the experiment and the model included the effects of birth weight, milk replacer treatment, birth weight × milk replacer interaction, week of farrowing (block), birth weight × block and milk replacer × block interactions, and replicate nested within block. The pen of pigs was considered the experimental unit for the subsequent growth period of the experiment. The model included the effects of birth weight, milk replacer treatment, sex, week of weaning (block), birth weight × block, milk replacer × block, sex × block interactions, and treatment × block interactions.
Results

Performance of Sow and Litter During Lactation.
Piglets that were heavy compared to light at birth were also heavier (P < 0.001) at weaning and consumed more (P < 0.05) milk replacer (Table 2 ). There was no effect (P > 0.05) of birth weight on pre-weaning growth rate. Litters fed supplemental milk replacer during lactation grew faster (P < 0.001) and were heavier (P < 0.001) at weaning than unsupplemented litters (Table 2) .
Pre-weaning mortality tended (P = 0.10) to be lower and number of piglets weaned tended (P = 0.10) to be higher for the Heavy and Supplemented treatments (Table 2) . However, there was no effect of either birth weight or milk replacer treatment (P > 0.05) on sow feed intake or weight loss. The coefficient of variation for body weight at weaning was not affected (P > 0.05) by either birth weight or milk replacer treatment (Table 2) .
Post-weaning Performance:
There was an interaction (P < 0.05) between birth weight and milk replacer treatments for weaning weight (Table 3) which resulted from the difference between Supplemented and Unsupplemented treatments being greater for Heavy (1.1 kg) compared to Light (0.6 kg) litters. This result is somewhat surprising given there was no treatment interaction (P > 0.05) for weaning weight for the pre-weaning performance data when litter was used as the experimental unit (Table 2) . This inconsistency was a function of the greater number of experimental units when pigs were penned in groups of 4 at weaning. This interaction suggests that supplementing piglets with milk replacer has a greater effect on weaning weight of pigs with heavy than with light birth weights.
Pigs with Heavy compared to Light birth weights had greater ADG (P < 0.001) and ADFI (P < 0.001), but similar G/F (P > 0.05) from weaning to 110 kg body weight (Table 3 ) and, as a result, were 7 days younger (P < 0.05) at slaughter weight. Milk replacer treatment had no effect (P > 0.05) on either pig performance from weaning to market weight. Nevertheless, pigs fed liquid milk replacer were 3 days younger (P < 0.01) at 110 kg live weight than unsupplemented pigs (Table 3) . At market weight, backfat and loin-eye depths were not affected (P > 0.05) by either birth weight or milk replacer treatment (Table 3) .
Conclusions
Studies that have investigated the impact of increasing weaning weight using supplementary milk replacer during lactation on subsequent growth performance are few in number and have only measured performance to the end of the nursery period. Dunshea et al. (1999) reported that pigs supplemented with liquid milk during lactation had a higher ADG during the three wk period immediately post-weaning (20 to 41 days of age). Royeaerd et al. (1989) achieved only a marginal increase in weaning weight from feeding of supplemental milk replacer and showed a tendency (P > 0.05) for supplemented pigs to have higher ADG during the four week period post-weaning (28 to 56 days of age). However, increased weight at weaning resulting from feeding of supplemental milk had little effect on pig growth rate either immediately post-weaning or in the grow-finish period. To that end, the difference in weaning weight was very similar for both the birth weight and milk replacer treatments (approximately 0.9 kg); however, birth weight had a much greater effect on subsequent growth performance and time required to reach slaughter weight.
On the basis of these data, the impact of providing piglets with additional nutrients before weaning on body composition at slaughter appears to be limited. Similarly, Martin et al. (1974) showed that backfat thickness and loin-eye area at slaughter weight were unaffected by nutritional treatment during first 4 week after birth. These authors also found that decreases in total muscle RNA and DNA caused by reduced nutrient intake due to nursing within a large (12 piglets) as compared to small litter (4 piglets) were completely negated when pigs were given a similar level of nutrient intake from weaning to six months of age.
In summary, results of this experiment indicate that piglet birth weight has a substantially greater impact on post-weaning growth performance than increasing nutrient intake of piglets during lactation using supplemental milk replacer. Therefore, providing supplemental milk replacer during lactation would not be an effective strategy for either increasing the grow-finish performance of piglets with light birth weights or reducing the variation in weight within a group of pigs when barns are emptied for slaughter. Each kilogram of mix contained the following: Se, 85.7 mg; I, 100 mg; Cu, 2.3 g; Mn, 5.7 g; Fe, 25.7 g; Zn, 28.6 g; NaCl, 855 g. Each kilogram of mix contained the following: vitamin A, 3,000,000 IU; vitamin D3, 330,000 IU; vitamin E, 44,000 IU; vitamin K, 2.2 g; vitamin B12, 17.9 mg; riboflavin, 4.4 mg; dpantothenic acid, 12.1 g; niacin, 16.5 g; choline chloride, 165 g; and roughage products to 1 kg. At weaning, piglets (n = 308) were randomly selected from litters used for the lactation period within treatment group and sex, and allocated to pens of four pigs. The average weaning weight of each birth weight by milk replacer treatment subclass was similar for both the original population at weaning and the selected population used in the subsequent performance test. Means evaluated using a Chi-square test.
d, e, f Means with differing superscripts for a variable with interaction between birth weight and milk replacer differ (P < 0.05). g Measures were taken longitudinally and anterior to the last rib 5.5 cm off the midline using ultrasound when the pen mean weight was 110 kg.
